Introduction
Salinity intrusion is one of the major environmental issues throughout the world [1] . Bangladesh is a growing and developing country. This development is dependent on an agricultural production system which in turn brings economic visibility throughout the world. Salinity issues constrain both the agricultural and economic development. Salinity causes a hostile environment for the normal crop production throughout the year in the coastal belt of Bangladesh. The organic matter content of the coastal soils is pretty low (1.0-1.5%). Nutrient deficiencies of N and P are quite common in saline soils. Micronutrients such as Cu and Zn are both widespread. As a result, the reduction of food crop production in the coastal region has significant impact on the national economy of Bangladesh [2] . This threat is elevated because of the reduction of fresh water flow from upstream tidal flow and groundwater discharge [3] . The coastal belt of Bangladesh consists of 19 districts, which cover 32% of the country and accommodate more than 35 million people [4] . During 1973, salinity affected 83.3 million hectares of land; this was increased to 102 million hectares by the year 2000. After that, salinity affected a recorded 105.6 million hectares during 2009 [5] . Among these affected areas, around 2.5 million hectares of low-lying coastal lands represents 0.9 to 2.1 salinity level (SL) in Bangladesh [2, 6] . Over the last 35 2 Journal of Food Quality years, salinity has increased around 26 percent in the coastal region of Bangladesh [7] .
The Kalapara coastal belt is one of the nearest areas to the Bay of Bengal in Bangladesh. This bay is one of the greatest sources of saline water. The electrical conductivity is an indicator of this saline water [8] . This conductivity increases the salt in soil and water across the coastal belt in Bangladesh. This salt water from the Bay of Bengal increases many ions in the soil and water in this coastal region such as chloride (Cl − ), sulfate (SO 4 2− ), sodium (Na + ), potassium (K + ), calcium (Ca 2+ ), magnesium (Mg 2+ ), bromide (Br − ), phosphate (PO 4 3− ), nitrite (NO 2 − ), nitrate (NO 3 − ), and sulfate (SO 4 2− ). More than 99% of these ions are found in the sea water throughout the world [8] . The adverse impact of this saltwater intrusion is higher in this coastal belt than in any other part of Bangladesh. As a consequence of tropical cyclones, salinity intrusion has been gradually extended toward the inland water and soil [7] . Due to increasing soil and water salinity, people in the communities of the Kalapara coastal regions have been suffering from a scarcity of safe water for the production of crops, fish, and livestock [9] . As a result, soil and water salinity are considered a major constraint to agricultural production and diversity of fish in the coastal areas of this country [9, 10] .
Agricultural production has contributed 21% of the national GDP of Bangladesh [14] . The majority of people living in the coastal community are dependent on the agricultural production of crops, fish, and livestock. Several climatic factors such as temperature, wind speed, and rainfall in the coastal zone are favorable for a wide range of food crops [15] . For example, cereals, pulses, vegetables, fruits, and cash crops have been cultivated successfully for many decades [16] . For this reason, planning for cropping patterns with the selection of appropriate varieties that have salinity tolerance is necessary for the local environment [17] . For instance, monsoon season (June to October) is favorable for the cultivation of crops due to the low salinity intrusion [18] . However, as soil salinity increases each year, dry season (November and May) is only favorable for the cultivation of Rabi (December-February) crops. In fact, dry-season agriculture is particularly difficult in Bangladesh due to high salt stress across the coastal belt. For this reason, crop production has been negatively affected each year for many decades across the coastal belt of Bangladesh [19] .
Surface water and groundwater are both connected to major rivers along the coastal belt through various estuaries and water inlets [20, 21] . These sources of water are contaminated by salinity which is influenced by rainfall, river flows, upstream withdrawal of water, and sea level rising [22] . Since 1948, salinity of rivers in the southern districts of Patuakhali, Pirojpur, Barguna, Satkhira, Bagerhat, and Khulna has risen by 45% [23] . However, coastal people of Bangladesh rely heavily on rivers for fish, tube wells (groundwater), and ponds for washing, bathing, and drinking [24] . Also, domestic ponds cover 10% of the total land area which is mixed with saline water from rivers, soil runoff, and shallow groundwater [22] . Approximately 20 million people are affected by unpredictable degrees of salinity in the water along the coastal region of Bangladesh [25] .
Due to increased salinity there is a shortage of grazing land and fodder crops for livestock production. Because of this, communities must utilize other natural resources to make up for the lack of protein from livestock. This shortage of milk and cattle in the coastal areas is also documented in other studies [26] . The reduced ability for cattle-raising in Bangladesh has had serious economic and nutritional consequences, especially for the children [27] . However, people have also converted fresh water areas through intrusion of saline water for shrimp culture, increasing the salinity in the surrounding areas and damaging the grazing areas of livestock. These kinds of agrobiodiversity changes have caused reduced frequency of consumption of livestock, crops, and fish across the coastal belt in Bangladesh. These changes in food habits might also lead to considerable negative consequences for agricultural production systems for the rural populations across the coastal belt of Bangladesh [28] .
In addition, saline water has been increasing across the coastal belt due to the intensity of cyclones in Bangladesh. This saline water has many connections with fresh water bodies across the coastal belt. It leads to changes in the trophic structure and diversity of shallow fresh water bodies such as increased strength of trophic interactions. As a result, saline water fish are mixed with fresh water species. Because of this, the intrusion of saline water in different fresh water bodies has played a significant role in the disappearance of some fish species [29] .
There are not currently any established guidelines for salinity levels in agricultural production systems in Bangladesh [30] . High salinity levels might have numerous direct and indirect impacts on crops, livestock, and fish. Due to the connectivity of agricultural products with human livelihood, greater levels of gestational hypertension were found in pregnant women in the southwestern coast of Bangladesh, compared with noncoastal pregnant women. This was hypothesized to be caused by saline water and agricultural crops [31, 32] . In this situation, management of salinity intrusion is the vital issue for Bangladesh. However, salinity in the water and soil may be reduced in ways such as coastal embankment projects, construction of dam and sluices, zoning of coastal salinity areas, a plantation program, selection of salinity tolerance cultivars, and public awareness programs that can contribute to the mission toward sustainable livelihood in the coastal region of Bangladesh [10] . This study documents the current status of soil and water salinities across the coastal belt and their possible impacts on agriculture. It is hypothesized that regular monitoring of soil and water salinity levels will be of significant help in the protection of crops, fisheries, and livestock along the coastal belt of Bangladesh.
Materials and Methods

Description of Study
Areas. Kalapara Upazila is the most salinity prone area in the southwestern part of Bangladesh. It is adjacent to the Amtali Upazila of Barguna district on the north, the Bay of Bengal on the south, and Rabnabad channel and Galachipa Upazila on the east. The total area of Kalapara Upazila is 491 square kilometers and the population is 238,000 [33] . Water samples were collected from 12 locations of the Kalapara coastal belt. These areas are Ander manik river, Shibbaria river, Badurtoli Canal, Char Gangamoti (Beach area), Kuakata beach (left), Kuakata beach (right), Char Gangamoti Mangrove, Sonatula River, ShantiBagh Canal, Paira river, Kalapara town pond, and Kalapara town tube well water. Soil samples were also collected from Mustafapur nilgonj, Char Gangamoti (Beach area), Kuakata beach (left), Kuakata beach (right), Char Gangamoti Mangrove, and Niamatpur areas of Kalapara coastal belt of Bangladesh. Geographical Positioning System (GPS) of study areas is shown in Table 1 . The study area on a Bangladesh map and sampling locations of these study areas are highlighted in Figures 1 and 2 , respectively.
Inception
Meeting. An inception meeting was arranged at the Department of Agricultural Extension (DAE) in the Kalapara Upazila area of the coastal belt for 3 days. This meeting was conducted with government officials, fishermen, visitors, and farmers who have been living in the Kalapara Upazila area. This meeting was conducted to discuss the soil and water salinities and their possible effects on crops, fish, and livestock. During this meeting, participants contributed their unique perspectives regarding soil and water salinity and the possible impacts upon crops, livestock, and fish. Based on this meeting, we were able to identify the major areas affected by salinity at Kalapara coastal belt for the collection of soil and water samples.
Collection of Water Samples.
Water samples were collected randomly with different salinities along the coastal belt at Kalapara Upazila for analysis of salinity indicators in 2016. Distance of each collected water sample for a location was 50 meters; three collected water samples were mixed together for making a sample for each location. Samples were collected in 100-500 ml polyethylene plastic bottles. Each bottle was cleaned thoroughly by rinsing with diluted HCl followed by washing with distilled water [34] . The water samples were filtered with Whatman 42 to remove suspended solids. Prepared sample solutions were sealed immediately to minimize exposure to air, and collected samples were carried to the Laboratory of Environmental Science of BSMRAU and Bangladesh Council of Scientific and Industrial Research (BCSIR) in Dhaka for analysis of dissolved ions and other water quality constituents. All of the collected water samples were kept at 4 ∘ C refrigerator temperature before the analysis of the chemical parameters was completed. [35] . The electrical conductivity (EC) was analyzed during sample collection with a conductivity meter (Model: HANNA HI-8633) [35] . Total dissolved solids (TDS) were determined with a TDS meter (Model: HACH SensION 156) [36] . 4 2− ) were determined by ion chromatography (Model: Dionex ICS-1600) followed by APHA 4110 method [37] . Sodium (Na + ) and potassium (K + ) of water samples were determined by flame emission spectrophotometry (Model: Jenway, PFP7) at 589 nm and 769 nm wavelength, respectively [35] . Calcium (Ca 2+ ) and magnesium (Mg 2+ ) in water samples were determined with an atomic absorption spectrophotometer (AAS) (Model: AA-7000, Shimadzu) followed by APHA 3111, which was calibrated using certified reference materials (CRMs) [37] ( [35] . The electrical conductivity (EC) was examined with a conductivity meter (Model: HACH SensION 156) [38] . Total dissolved solids (TDS) were detected with a TDS meter [38] . The salinity was measured with a salinity meter (Model: DDSJ-308A) [36] . The chloride (Cl − ), bromide (Br − ), fluoride (F − ), nitrite (NO 2 − ), and nitrate (NO 3 − ) were determined by ion chromatography (Model: Dionex ICS-1600) followed by APHA 4110 method [37] . Sodium (Na + ) and potassium (K + ) of soil samples were determined with the flame emission spectrophotometer (Model: Jenway, PFP7) at 589 nm and 769 nm wavelength, respectively [35] . The sulfate (SO 4 2− ) content of soil samples was determined by turbidimetric method [39] . Phosphate (PO 4 3− ) content of the soil samples was determined by vanadomolybdophosphoric yellow color method [35] . Calcium (Ca 2+ ) and magnesium (Mg 2+ ) in soil samples were determined by an atomic absorption spectrophotometer using certified reference material (CRMs) [38] (Table 2) .
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Quality Control.
Quality control (QC) monitors reagent quality, apparatus cleaning, and accuracy and precision of methods and instrumentation and reliability were implemented daily in the laboratory. Under this QC, blank analysis, replication, internal standard, and certified reference materials were followed properly for each collected soil and water sample for the measurement of salinity indicators. During ion analysis, standard curve was prepared for each single anion at three points of concentration using certified reference material. For every five samples, a reference sample and spiked sample were included to ensure the QC. Ion chromatography, flame photometer, and atomic absorption spectrophotometer were calibrated for every six months and methods of analysis were validated by Bangladesh Accreditation Board (BAB) as per ISO/IEC 17025. All quality assurance was maintained according to the proposed guidelines of American Public Health Association (APHA) [40] , National Association of Testing Authorities (NATA) [41] , and National Environment Protection Measure (NEPM) [42] . According to their guidelines, several QC parameters are highlighted in Tables 3 and 4 . 
Data Collection regarding Salinity Affected Cropping and
Livestock's Grazing Areas. Based on the inception meeting, data on salinity affected cropping areas was collected from the Department of Agricultural Extension (DAE) at Kalapara Upazila. Information regarding salinity intrusion on cropping patterns was also gathered from these studies. This data was verified in the discussion with a group of 25 farmers from different cropping areas at Kalapara Upazila with the help of DAE personnel. On the other hand, data pertaining to salinity affected fodder crops for livestock production was collected from the Department of Livestock Services (DLS) at Kalapara Upazila. Similarly, this information was also justified by discussions with the affected livestock farmers from the coastal belt of Kalapara (Tables 8 and 9 ).
Information regarding Fish Biodiversity.
Based on the inception meeting, information regarding the number of salinity affected fresh water bodies was noted from the Department of Fisheries (DOF) at Kalapara Upazila. Based on the primary information from DoF, we interviewed a group of people who have been living in the surrounding areas of each of the affected water bodies to get data regarding visible, threatened, endangered, and extinct fish species. We interviewed 50 people from each location; among these, an average of 10-12 were women and the rest were men. They were on average 40-60 years old. The interviewees were involved in diverse professions such as fishing, boating, farming, government officials, and researchers. All recorded information regarding the current status of biological diversity of fish is presented in Tables 10 and 11 .
Statistical Analysis.
Soil and water quality constituents were analyzed through Pearson correlation coefficient using "R" Software, version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria). Significant levels of correlation between soil and water quality parameters were analyzed for the validation of the data using "R" Software, version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Chemical Properties of Water.
The percentage of salinity in water was significantly correlated with conductivity, total dissolved solid (TDS), chloride (Cl ( ≤ 0.05). The soil conductivity was found to be 6.88 mS/cm, while the recommended value was 0.75-4 for a sustainable environment (Tables 6 and 7) .
Effect of Salinity on Crops and Livestock Production.
We know that farmers are reliant on crop and livestock production across the coastal belt of Kalapara Upazila. Through interviews with community members in the study areas we determined threats that included decreases in crop and livestock production. During Aman season (June to September), 100% of the areas are covered by crops. About 200 ha fodder crop areas are affected each year due to salinity. For this reason, food shortage is one of the crucial issues for livestock and other animals. Due to the high dependence on the salinity affected fodder crops, livestock are affected by many negative consequences such as diarrhea, skin diseases, liver fluke, loss of body weight, and breakdown of the immune system (Table 8 ). In addition, we found 36 cropping patterns in the 39102 ha cropping area at the Kalapara coastal belt. Among these cropping patterns, 92 percent of these were identified as salinity affected areas (Table 9) .
Effect of Salinity on Fish Species Production.
Out of 857 ha water bodies, 2-3% are occupied by shrimp culture which has contributed to the salinity of inland and fresh water bodies across the coastal belt. Other areas have also been replaced by saline water on the Kalapara coastal belt (Table 8) . We found the number of fish species to be 59 inland, 57 marine, 10 exotic, 3 prawns, 4 shrimp, and 4 crab across the Kalapara coastal belt in Bangladesh. Among these fish species, the percentages that were identified as visible, threatened, endangered, and extinct under the category of inland fish species were 45, 24, 19, and 12, respectively. On the other hand, between the marine fish species, the percentages of visible, threatened, endangered, and extinct species were found to be 43, 21, 24, and 12, respectively. None of the exotic, prawn, and crab species were identified in the extinct category. However, 25 percent of the shrimp species were recorded in the extinct category. Natural disasters such as salinity and cyclones were both determined to be critical causes for the extinction of fish species across the coastal belt of Kalapara Upazila (Tables 10 and 11 ). + , and K + were found to be 300 ( S/cm), 1-2, 150-600, 250-400, 200, and 12 mg/l, respectively (Table 7) . According to Dusgupta et al. [1] thirty-nine (39) percent of salinity will be increased across the coastal belt in Bangladesh by 2050. The intensity and spread of this salinity across the coastal belt in Bangladesh were connected with the changes of sea level rise, temperature, and rainfall and altered riverine flows from the Himalayas [46] . Agricultural production of crops, fish, and livestock has been negatively affected due to this extreme level of soil and water salinity trends across the coastal belt in Bangladesh.
Coastal agriculture is based on farmlands, which provide livelihood support for the community [47] . Several groups of people often suffer a shortage of freshwater in different areas of the coastal belt [48] . Many regions in the world along with the coastal belt of Bangladesh have used saline water for food crop cultivation, fodder crop production, drinking, and bathing [49] . These practices have contributed to the enormous negative effects on agricultural production systems as well as human health [50, 51] . Coastal agriculture is predominantly affected by unequal water distribution over the last decades. This system causes an increase in salt levels in the crop fields as well as reduced yield [52] . Also, soil salinity has negatively affected rice yield, spikelet sterility, and 1000-grain weight in the coastal belt of Thailand as well as Bangladesh. In this regard, salinity is responsible for a 20% yield reduction of coastal region agriculture. In fact, the soil nutrient supply was only enough to achieve about 80% of the maximum yield [53] . In fact, this reduction of crop yield has been influenced by many environmental factors. Among these factors, salinity is one of the major causes for the yield reduction [54, 55] . A similar result was found in these study locations where 92 percent of the cropping area is affected by the salinity problem. This remarkable salinity intrusion into the cropping areas has tremendously reduced the crop production across the coastal belt in Bangladesh (Table 9) which might have led to the shortage of food availability in Bangladesh.
Salinity has been convenient for shrimp cultivation across the coastal belt, but it has accelerated negative effects on the diversity of fresh water fish. Some of the inland fresh water species have become extinct due to the connectivity with saline water [56] . The rest of the fish species are only living in the fresh water ecosystem that are also likely to be extinct forever (Tables 10 and 11 ). Moreover, this salinity problem includes large-scale degradation of mangroves, alteration of wetlands, land subsidence, salinization of groundwater and surface water, pollution of agricultural lands and coastal waters by pond effluents and sludge, introduction of exotic species or pathogens into the coastal environment, loss of wild larvae, and subsequent loss of goods and services generated by natural common property resources [57] . However, coastal areas are naturally vulnerable and survival strategies are very limited for people in these communities, so they prefer shrimp cultivation which is responsible for further increasing salinity (Sarwar, 2009 ). This saline water intrudes in the inland riverine areas which contributes to the reduction of fresh water bodies. This result is creating even more negative effects on the diversity of fish in the inland riverine areas across the coastal belt in Bangladesh (Tables 10 and  11 ). An extreme scarcity of salinity free water was recorded in the coastal belt of Bangladesh because of natural disasters such as sea levels rising, cyclones, floods, and land erosion which brought saline water from the sea that mixed with surface and groundwater [58] . Water sources such as rivers, ponds, and tube wells are becoming unable to provide sustainable fresh water for people in the coastal community. Many key determinants of human health, such as food availability, fresh water availability, physical safety, and the microbiological environment, are strongly influenced by salinity [59] . As saline water mixes with inland water it becomes unsustainable for consumption by livestock and fish. People have started suffering from various kinds of health problem such as high blood pressure, diarrhea, and cholera [60] . Not only through water but also through consumption of food raised in these highly saline areas, people are getting more saline than they require for optimum health [61] . The most vulnerable groups are the pregnant women and the children. Higher rates of hypertension affecting pregnant women in the southwestern coast of Bangladesh, compared with noncoastal pregnant women, were hypothesized to be caused by salinity contamination [24] . Higher salinity from food grains also might have caused a higher rate of birth defects which is of great concern to the future of Bangladesh. Cholera sometimes spreads as an epidemic after a disaster such as flood or cyclone. Lack of drinking water and overconsumption of saline water influence malnutrition, undernutrition, water borne diseases, and food borne diseases and even lead to starvation among coastal people [62] . Not only crops and fish have been negatively affected due to the high salt in the coastal belt of Bangladesh (Tables 8,  9 , 10, and 11). Saline water also has a detrimental effect on livestock production [63] . Survival of livestock is dependent on the field grass, water, and dairy feed. These types of natural resources are connected to saline water. Due to the shortage of fodder crops, livestock has been affected in this coastal region of Bangladesh (Table 8) . Tolerance of the saline water varies between livestock species. Pregnant, lactating, and younger classes of livestock are less tolerant than mature dry stock. For optimum production in these classes of livestock, water supplies should not exceed the optimum salinity levels in the food for livestock [64] . Livestock grazing green feed can better tolerate salinity levels at the upper limit of each Journal of Food Quality category compared with those grazing dry feed or salt bush or on a high salt diet since the high water content of green feed will dilute the salinity levels of the water supply [65] . Salinity affected livestock may be able to transmit various diseases into human bodies. For this reason, salinity levels should be controlled in the coastal region for the production of livestock also.
Mitigation Techniques
Construction of Embankment across the Bank of Sea.
Array of sea is connected with the inland riverine body. It should have been isolated through an embankment between the bank of the river and the sea. This land could be protected from inundation of saline water through the establishment of an embankment of suitable size. The recommended size should be 5-10 meters higher than the high tide level. Brammer [66] suggested that the Coastal Embankment Project is a requirement for protection from saline water crossing into the inland areas. He also recommended that it should have more consistent maintenance than in the past [66] .
Provision of Sluice Gate on the Embankment.
The sluice gate is a connection between inland and salt water bodies in the coastal region of Bangladesh. This sluice gate which is placed in the embankment systems is responsible for the control of excess water. This makes it possible to prevent intrusion of saline water during high tide in the coastal belt. This sluice gate across the embankment can remove excess saline water during high tide [2] .
Leveling of Land.
Slight variations in the land lead to salt accumulation in the crop fields. Land should be properly leveled to prevent accumulation of water in the low-lying patches with shallow groundwater tables and to facilitate a uniform drainage system for removing excess water. It will also help to apply irrigation water uniformly in the field during Rabi season (January-March), which will facilitate uniform germination of seeds and better growth of crops.
Haque [2] recommends that the leveling of soil also supplies nutrients uniformly in the salinity affected crop fields.
Harvesting of Rain Water for Irrigation.
Tidal water is generally salty. This water is not useful for the production of crops in the coastal belt. During the rainy season excess rain water should be stored in ponds and canals. Later, this harvested rain water will be valuable for crop irrigation during the dry season. Climate change has caused rising sea levels along the coastal belt. This in turn has contributed to the rise in salinity intrusion in the region. One result of this is a severe scarcity of potable water at the south western coastal area of Bangladesh. This rainwater harvesting system is proposed solution to provide fresh water for crop cultivation and domestic uses during the rainy season across the coastal belt in Bangladesh [67] .
Salinity Tolerant Cultivars.
Even though the coastal area is relatively flat, there exist some altitude differences in areas where depths of standing water can reach 10-100 cm.
Varieties of cultivars should be selected on the basis of tolerance to standing water and the extent of salinity in the field to maximize productivity of the available land. Utilizing salt-tolerant crops is one of the most important strategies to solve the problem of salinity. Qualitative and quantitative protein synthesis in plants have been altered under these saline conditions. When a plant is subjected to abiotic stress, a number of genes are turned on, resulting in increased levels of several metabolites and proteins, some of which may be responsible for conferring a certain degree of protection from the salinity stress [68] .
Introduction of Crop in Rabi (Winter) Season.
Cropping intensity should be modified in slightly saline areas by adopting proper soil and water management practices with the introduction of salt-tolerant crop varieties. During this dry season, salt-tolerant minor cereal crops such as lentil, mung bean, and pea and different vegetables might be cultivated through the proper management of drainage systems [19] .
Use of Fallowing Lands.
Groundwater is saline and present at a shallow depth (about 1.0 meter). Keeping lands fallow leads to high salinity in soil due to the evaporation of excessive soil moisture. Therefore, it is recommended to avoid fallowing of lands during Rabi season (winter season). Salt-tolerant crops should be chosen and grown. This can be done by reintroduction of deep rooted perennial plants that continue to grow and use water during the seasons that do not support annual crop plants. This may restore the balance between rainfall and water use, thus preventing rising water tables and the movement of salt to the soil surface [69] . This will be helpful for maintaining of soil salinity profile.
Application of Potash Fertilizer.
Since soils in general are poor in fertility with low organic matter content, it is necessary to apply appropriate fertilizers to increase crop production. Potash fertilizer has an added advantage in saline soil. It lowers Na uptake by plants and increases K uptake. Thus K fertilization protects crops from harmful effects of Na. This crop nutrient management is one of the best options to increase the plant productivity in saline soils. For this, an application of potassium sulfate (K 2 SO 4 ) can improve the plant productivity and nutrient uptake for food crops in a saline environment. It was observed that the uptake and accumulation of nutrients like calcium, magnesium, potassium, and phosphorus increase in plants subjected to K fertilizer application under saline environments [70] .
3.6.9. Reducing of Groundwater Level. In many parts of the coastal region, salinity is highly visible. To grow crops successfully in those areas, it is necessary to bring down the salinity by leeching the salts. It is also necessary to decrease the water table level and maintain it below the critical depth to prevent the salt from having an effect on crops. To achieve this objective, a proper subsurface drainage has to be installed to keep the groundwater at least 1.5 meters below the soil surface. Salinity is managed by a combination of vegetation and engineering strategies-designed to create the reduction of water in these areas. The planting of vegetation with high water usage can be utilized to reduce groundwater recharge and to intercept water as it moves through the soil [71] .
Possible Adaptation Strategies and Practices.
Strengthening adaptation capacity requires blending individual skills and household capacity with external institutional supports for technological acceptance. The dynamic geomorphological nature in coastal areas along with spontaneous natural disasters often exceeds the knowledge of the local people and use of available resources to reduce the problems in the long run. Adaptation practice is mostly dependent upon institutional response for promotional activities and to managing observed risks in Bangladesh and less focusing on integrating other social constructions at the community level. Making long-term decisions for coastal adaptation depends on climate change and complexities and levels of stakeholder support [72] . Coastal adaptation can be reached through adjustment of ecological, social, or economic systems to actual or expected climatic impacts. Social, ecological, and institutional capacities are significantly important to the coastal communities to adapt themselves in an adverse situation. These communities of people need to adapt with the changing environmental conditions caused by salinity. They have been following traditional cropping patterns for crop cultivation across the coastal saline environment [73] . They have continued to adapt during the period of rapid change since the 1950s when the first major flood embankments were constructed and, later, with the spread of dry-season irrigation and the introduction of high-yielding crop varieties. In this situation, it is highly recommended to change the traditional cropping patterns as per the guidelines of Agriculture Extension Department in Bangladesh to ones that will provide more protection from salinity intrusion across this costal belt.
Introducing fast growing and improved varieties fish across the costal belt might be a way of supplying fresh water fish. Though coastal areas are dominated by groups of fishermen, with the changing environment and extreme events, most of the people are experiencing a decrease in the seasonal fish catch from the sea and rivers in the region. The channel system can secure additional or alternative sources of income through fish cultivation in two seasons of the year. By excavating a single ditch, a family can produce an estimated 200 kg of fish annually which secures their household protein and additional income after consumption. Harvesting of rain water in these ditches also supports regular water supply to plantations on the channel and increases fresh water security as it doubles as a reservoir.
The plantation of the correct varieties of vegetables can provide an immediate opportunity for household consumption in these communities. Different hanging vegetables including country bean, cucumber, bottle, bitter, and sweet gourds (cucurbitaceous vegetables) and other creeper vegetables may be cultivated widely across the coastal belt. This cultivation system will be helpful for supplying needed nutrients during adverse conditions of salinity intrusion across the coastal environment.
Agricultural practice is increasingly constrained with a high level of salinity ingress and frequent and severe impacts of natural disasters in coastal areas. Given the impacts of seasonal water logging and salinity on land and lack of irrigation in dry seasons, alternative cropping practices through use of climate resilient rice varieties have been a vital need for agricultural production in the area. The salttolerant rice variety (BR 47) has already been introduced in four coastal districts. Considering lower land productivity, this rice variety has been considered a potential crop in this coastal area. This BR 47 rice variety might be introduced due to its high yield in extreme saline conditions in this coastal region.
Policy Implications and Gaps in These Salinity
Affected Areas 3.8.1. Fragile Water Governance Systems at Local Level. Weak water governance systems at the local level are another cause of the salinity increase. Salinity intrusion not only is a natural phenomenon but also is caused by human activities. Numerous human activities-such as untimely water use, unplanned shrimp culture, insufficient or poorly maintained infrastructure, and inadequate management systems-can contribute to salinity intrusion.
Cross Boundary River Policy.
A total of 57 major rivers are located in the country of Bangladesh, of which 54 rivers enter from India and 3 rivers from Myanmar [74] . But among the 54 rivers, twenty-five rivers face one or more upstream diversions primarily in the dry months. For this reason, water scarcity during nonmonsoon months causes the salinity to increase in the soil and water of the coastal belt of Bangladesh.
Lack of Capacity of Local Government.
Local government reforms in Bangladesh have evolved very distinctly according to the needs of the ruling elites [75] . With the change of government, the policy of local government has also kept changing. As a consequence, Local Government Institute (LGI) has not had any opportunity to act with any effective tiers of government because mandates and limited funds prevent them from being able to carry out their roles and responsibilities. Independent reviews stated that Bangladesh has not been successful in establishing a decentralized system of governance and accountability. A World Bank review of the decentralization process in 19 countries ranks Bangladesh lowest in the decentralization scale [76] . Due to the lack of capacity of LGIs, they cannot take the initiative to protect coastal polders, embankments, roads, and other kinds of infrastructure as well as the unplanned shrimp culture. As a result, salinity has continued to increase across the costal belt in Bangladesh.
Weak Structure and Poor
Maintenance. Bangladesh has a 5,017 km embankment protecting the polders in coastal areas of the Bay of Bengal. The primary goal of launching polderization in Bangladesh was to protect the coastal inhabitants from regular natural disasters and to boost the agricultural production [77] . Bangladesh Water Development Board (BWDB) formerly known as Water and Power Development Authority (WAPDA) is in charge of maintaining and conducting the rehabilitation project of the polders [78] . But due to the poor maintenance, coastal polders in many places have not been protected from salinity intrusion into the agricultural fields. The BWDB has categorized 51 polders as "most vulnerable" and another 55 polders as "medium vulnerable." To cope with vulnerability, it is necessary to rehabilitate the damaged infrastructure of the polders. Most of the sluice gates have been damaged which enables the saline water to continuously flow inland. In addition, shrimp farmers cut the embankment to get saline water into their shrimp fields which also makes the embankment weak. This weak embankment is easily damaged due to tidal pressure, particularly during full moon, and the saline water can then enter the polders.
Lack of Coordination among Different Organization.
Local government has connected with the federal government. Government personnel in the departments of extension, disasters, fisheries, livestock, engineering, and water development boards might have a lack of coordination to be able to implement any of the government policies together. On the contrary, researchers, nongovernment officers (NGOs), and international and national groups have been working without coordination with the national government. Due to the lack of integration between the organizations, proposed activities for the reduction of salinity across the coastal belt have not been substantially implemented throughout the country.
Conclusion
The coastal belt is at an extreme risk due to high soil and water salinity. This salinization in water and soil is the major natural hazard hampering crop and livestock production. This is also producing a negative impact on the diversity of fish across this costal belt. This coastal area in Bangladesh constitutes 20% of the country of which about 53% is affected by different degrees of salinity. In fact, declining land, fish, and livestock productivity with a shift toward negative nutrient balance is among the main concerns for food security problems in the country. Several cations and anions in water and soil such as conductivity, F − , Cl − , SO 4 2− , Na + , and K + were found at higher than recommended values for a sustainable environment across the Kalapara coastal belt of Bangladesh. About 200 ha fodder crop areas are affected each year due to salinity. Among 36 cropping patterns, 92 percent of these were identified as salinity affected areas. Out of 857 ha water bodies, 2-3% are occupied by shrimp culture which has contributed to the salinity of inland and fresh water bodies across the coastal belt. Twenty-five percent of shrimp species were recorded in the extinct category. Due to the weak policy implementation, this salinity problem is increasing which has enhanced the negative impacts on food security. It is significantly important to explore the possibilities for increasing agricultural production for the growing population throughout the world as well as the coastal region of Bangladesh. Thus, combating this land salinization problem is a vital issue for food security in the country through adoption of long-term land management strategies.
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